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1967
- 1968:
1972:

' 1974:
1974:

1974:
1975:

11977:

i

' 1978:

1981:
1981:

' 1981:

FIRST MEASUREMENT OF ATMOSPHERIC WINDS USING COHERENT DOPPLER LIDAR

SGALE

MSFC COHERENT LIDAR RESEARCH AND
DEVELOPMENT HISTORY

FIRST MEASUREMENT OF AIRCRAFT WAKE VORTICES USING COHERENT DOPPLER LIDAR

FIRST FLIGHT OF AN AIRBORNE PULSED COHERENT DOPPLER LIDAR FOR CLEAR AIR TURBULENCE
MEASUREMENT ’ '

FIRST MEASUREMENT OF 3-D WINDS EMPLOYING A VAD SCAN TECHNIQUE WITH A CW COHERENT
DOPPLER LIDAR

DEVELOPED FIRST SYSTEM FOR DETECTING AND TRACKING AIRCRAFT WAKE VORTICES WITH CO— .
HERENT DOPPLER LIDAR

FIRST MEASUREMENT OF HIGH STACK EMISSION FLOW RATE FOR POLLUTION MONITORING WITH
COHERENT DOPPLER LIDAR

FIRST BI-DIRECTIONAL VELOCITY PROFILE MEASUREMENT OF DUST DEVILS USING COHERENT
DOPPLER LIDAR

FIRST SIMULTANEOUS MEASUREMENT OF RADIAL AND TRANSVERSE WIND COMPONENTS USING
COHERENT DOPPLER LIDAR

FIRST GROUND BASED MEASUREMENT OF THUNDERSTORM OUTFLOW AND ASSOCIATED WIND SHEAR
WITH A PULSED COHERENT LIDAR

FIRST FLIGHT OF AIRBORNE PULSED COHERENT DOPPLER LIDAR FOR WINDFIELD MAPPING

FIRST FLIGHT OF AN AIRBORNE CW COHERENT LIDAR FOR ATMOSPHERIC BACKSCATTER MEASURE—
MENT

DEVELOPED FIRST PLAN FOR SYSTEMATIC DETERMINATION OF ATMOSPHERIC BACKSCATTER CO—
EFFICIENTS

FEASIBILITY STUDY FOR COHERENT DOPPLER LIDAR FREE—FLYER FOR GLOBAL WIND MEASURE—
MENT

FIRST ATMOSPHERIC BACKSCATTER MODEL DEVELOPMENT FROM SAGE AND SAM |l DATA
FIRST DUAL DOPPLER LIDAR MEASUREMENTS OF ATMOSPHERIC WINDS »

FIRST HETERODYNE MEASUREMENTS OF WINDS USING AN ISOTOPIC LASER

FIRST FEASIBILITY STUDY FOR SPACE QUALIFICATION OF A CO2 LASER FOR GLOBAL WIND MEASURE-

MENT

FEASIBILITY STUDY FOR SHUTTLE COHERENT ATMOSPHERIC LIDAR EXPERIMENT (SCALE)

: DEVELOPED DETAILED PLAN FOR GLOBAL ATMOSPHERIC BACKSCATTER ASSESSMENT

: DEVELOPED AIRBORNE DOPPLER LIDAR FOR ATMOSPHERIC BACKSCATTER MEASUREMENT AT

ISOTOPIC WAVELENGTHS 6




ORIGINAL PACE IS
OF POOR QUALITY

SCANNING LASER DORPLER
AIRPORT OPERATIONS
(JFK)




SGRALE ORIGINAL PACE 1S

OF POOR QUALITY

NASA/MSFC DOPPLER LIDAR
WIND MEASUREMENT SYSTEM
SEVERE STORMS RESEARCH
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SCALE

SCALE SENSITIVITY 9.11 MICRONS

30.00

26.00

20.00 i~

15.00 |-

ALTTTUDE KW

10.00 -

5.00

] 1 1 1 11

|

MIDLATITUDE WINTER

TROPICAL

,MIDLATITUDE SUMMER

0.00
1x10-11

1x10-10

BACKSCATTER COEFFICIENT (M-1 srR-1)
185 KM ORBIT 45 DEGREES FROM NADIR -
INCLUDES AEROSOL EXTINCTION FROM HAZE-C MODEL

22

1x10-9
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ALTITUDE (KM)

SGALE

ABSORPTION LOSS FOR 10.6 MICRONS

30.00

25.00 |-

20.00 -

15.00 |~

10.00 |-

5.00 -

MIDLATITUDE WINTER
MIDLATITUDE SUMMER
TROPICAL

0.00
1

ABSORPTION LOSS (DB)
45 DEGREES FROM NADIR

38




ALTITUDE (KM)

SGALE

30.00

ABSORPTION LOSS FOR 9.25 MICRONS

25.00 -

20.00 [~

15.00 —

10.00 -

5.00 -

0.00

t 1 0 gt 1

MIDLATITUDE WINTER .
MIDLATITUDE SUMMER

TROPICAL

T N I |

ABSORPTION LOSS (DB)
45 DEGREES FROM NADIR

g

100



ALTITUDE (KM)

- SEALE

30.00

ABSORPTION LOSS FOR 9.11 MICRONS

25.00

20.00 |-

15.00 -

10.00 |-

1

1

113l

1

v el

MID LATITUDE WINTER
MIDLATITUDE SUMMER
TROPICAL '

0.00
.001

01

N

ABSORPTION LOSS (DB)
45 DEGREES FROM NADIR

10




ALTITUDE (KM)

SCALE

SCALE SENSITIVITY AT 10.6 MICRONS

30.00
25.00
20.00 |-
15.00 |-
10.00}

5.00 |- »

MIDLATITUDE WINTER
4 MIDLATITUDE SUMMER
- TROPICAL
0.00 1 ] 1 (N [ ¥
1x10-10 1x10-9

BACKSCATTER COEFFICIENT (M"‘ SR")
185 KM ORBIT 45 DEGREES FROM NADIR

INCLUDES AEROSOL EXTINCTION FROM HAZE-C MODEL

41

1x10-8



ALTITUDE (KM)

SCALE

SCALE SENSITIVITY AT 9.25 MICRONS

30.00

25.00 -

20.00 |-

15.00 |~

10.00 [~

5.00 -

MIDLATITUDE WINTER
MIDLATITUDE SUMMER
TROPICAL

0.00 1 1t 1191
1x10-11 1x10-10

1x109

BACKSCATTER COEFFICIENT (M~1SR™1)
185 KM ORBIT 45 DEGREES FROM NADIR

SCALE SENSITIVITY AT 9.11 MICRONS

42

1x108




ALTITUDE (KM)

SCALE

- SCALE SENSITIVITY AT 9.11 MICRONS

30.00

25.00 |-

20.00 -

15.00 -

10.00 -

5.00 -

MIDLATITUDE WINTER

TROPICAL

MIDLATITUDE SUMMER

0.00
1x10-10

| 2 3 4 3
BACKSCATTER COEFFICIENT (M~ 1sr ™)

43

1
6

7

185 KM ORBIT 45 DEGREES FROM NADIR LITE TELESCOPE
INCLUDES AEROSOL EXTINCTION FROM HAZE-C MODEL

s S .
8

9 1x109



ALTITUDE (KM)

SCALE

SCALE SENSITIVITY 9.11 MICRONS
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Section 1
INTRODUCTION

1.1 BACKGROUND

There is a growing concensus that global mapping of winds could have
an enormous impact on both weather prediction and fundamental atmospheric
science. Doppler lidar used from an earth orbiting platform appears to be
an ideal approach for such measurements. The remote Doppler approach
simultaneously provides excellent spatial and temporal coverage, combined

with good spatial and velocity resolution.

The technical capability of the Doppler lidar approach has been
demonstrated over the last five to ten years. Although Doppler
measurements can in principle be made at any wavelength, the 9-11 um band
has been used for all existing Doppler wind velocity measurements. This
wavelength region is attractive for its good atmospheric transmission and
reasonablv large aerosol backscatter cross-section. This wavelength
selection has also been strongly driven by the existence of the co2 laser,

which is one of the oldest and best developed of all pulsed laser

technologies.

Two developments in wind measurement account for much of our
confidence in the Doppler lidar approach. A system developed by
MSFC/Raytheon has produced a wide range of data from both airborne and
ground based platforms. More recently, a mobile ground based system using
pulsed TEA co2 technology has been developed at NOAA/WPL, originally using
lasexrs developed by UTRC.

The MSFC system has shown the value of lidar deployment on highly
mobile platforms for providing wide geographic coverage in a short time.
However, because of the relatively low laser power available in the

existing MSFC lidar, measurements can be made only at short ranges from the




aircraft. The corresponding NOAA lidar has demonstrated the capability of
making high quality longrange measurements. The NOAA system routinely
measures to and beyond the tropopause when operated from its ground based
platform in midlatitude locations. SCALE can be viewed as a marriage of

the mobility and long range capability o these two systems.

At the present time, the NOAA system is being upgraded to incorporate
a new high power laser transmitter déveloped by Spectra Technology, Inc.
The NOAA/STI laser system will increase the pulse energy by a factor of
twenty, the pulse repetition rate by a factor of five, and the the velocity
resolution by a factor of two, when compared with the eiisting capability.

These transmitter capabilities are summarized in Table 1-1.
1.2 STUDY OBJECTIVES

This study has the goal of defining a CO2 laser transmitter approach
suited to SCALF requirements. Since the NOAA/STI WINDVAN transmitter meets
the basic SCALF performance requirements (but in a ground based
environment), our study has specifically addressed the adaptation of the

existing WINDVAN design to the shuttle environment.

The study is intended to produce several results. First, we compare
the needed performance (energy, coherence, repetition rate, size, weight,
and reliability) of a conceptual SCALE transmitter with existing carbon
dioxide laser technology. This comparison results in a statement of the
anticipated performance of a SCAILF transmitter, aiéng with the time and
cost for development of such a transmitter. A preliminary definition of
STS interfaces results from this conceptual design. Finally, a qualitative

assessment of the technical risk accompanying this development is given.
1.3 METHODOLOGY

The existing WINDVAN design has been evaluated subsystem by subsystem
for compatibility both with SCALE performance requirements, and for




Table 1-1
NOAA WINDVAN SPECIFICATIONS

High Energy and Average Power 100 W (2 J @ 50 Hz)
Low Frequency Uncertainty Chirp < 200 kHz

Offset <« 500 kHz
Wide Line Tunability > 10 lines in 9 and 10 um bands
low Afterpulse < 105 watts after 8 usec
Pulse lLength Agility > » 5 usecC
High Reliability ' > 2 x 108 shots between

maintenance cycles

Compactness Fit within existing 1 Watt
: system space constraints

Fully Automated ' Line changing, servo-lock,
startup/shutdown, etc.

wide Operating Range 0-14,000 ft., 18 to 30°C




compatibility with the shuttle bay environment. The study presumed that
WINDVAN designs would be used with as little modification as possible to
meet SCALE requirements.

In evaluating shuttle compatibility, we have assumed that it will be
possible to use a Spacelab pallet and the accompanying electrical, thermal,
and data support systems. This assumption has proven invaluable by
defining well documented interfaces, and no incompatibility with the

Spacelab infrastructure has been observed.

MSFC has provided extensive support to this study both by providing
detailed discussion (and iteration) of SCALE transmitter performance
requirements, and by transferring considerable detailed information
concerning the STS bay environment. This cooperation is gratefully

acknowledged.

1.4 SUMMARY OF CONCLUSIONS

The adaptation of the existing WINDVAN design to a one week shuttle
flight appears to be entirely feasible. No new technology development is
required for STS operation. The size, weight, and reliability, and
efficiency of the existing WINDVAN system are largely compatible with SCALE

requirements.

It should come as no surprise that an appreciable engineering
development effort will be required to bring WINDVAN into compliance with
STS bay operational requirements. Some repackaging is needed for
compatibility with the vacuum and thermal environments. The largest
changes will be required to ensure survival through launch and landing,
mechanical, vibration and acoustic loads. Remote hands-off operability
requires enhancement of command, control and optical alignment subsystems.
Existing WINDVAN thermal management approaches which depend on convection
must be upgraded for Og operation.




In summary, we believe that the existing WINDVAN design can be
extended to STS operation through a predictable and manageable set of
engineering revisions. The risk entailed in this program appears to be

manageable, since no new technological development is required.

Figure 1-1 is a photograph of the WINDVAN transmitter. The
similarities between it and the artist's concept of the SCALE transmitter
are shown in Figure 1-2.
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Section 2

SCALE TRANSMITTER CONCEPT
2.1 SYSTEM OVERVIEW

The specifications for the SCALE transmitter listed in Table 2-1.
The lidar Laser System contains both pulsed transmitter and cw local
oscillator lasers. A third laser, another cw laser referred to as the.
injection oscillator, serves as a frequency reference for the entire
systems. Figure 2-1 is a conceptual layout of the entire system.

Schematically the SCALE system is identical to the WINDVAN.

The injection oscillator and local oscillator for the WINDVAN are
both commercial, low pressure longitudinal discharge cw lasers made by
Ultra;Lasertech, of Canada. All three lasers have diffraction gratings in
their cavities to force operation on a single rotational line of COZ'
Hardened versions of these lasers are available which meet military
specifications from vendors such as Hughes Aircxaft.

The injection oscillator (T0) is locked to CO_ line center by

searching for maximum intensity vs cavity length. ;he cavity length is
modulated ("dithered”) with an amplitude equiva;ent to 0.5-1 MHz. The
Jaser output is sampled by a HqQCdTe detector. The dc length is adjusted by
a standard linear hill climbing servo approach which finds the point of
zero derivative. This fixed frequency (except for the dither) signal

effectively serves as the reference for the entire system.

The local oscillator is offset locked with respect to the injection
oscillator, using another HgCdTe detector and a frequency counting based
lJoop. The effect of the 10 dither is eliminated from this loop by always
counting the beat frequency for entire dither period, so that the frequency

variation averages to zero over any given measurement. The beam from the




Table 2-1
SCALE TRANSMITTER SUBSYSTEM PRELIMINARY REQUIREMENTS

LASER

® 2 J Pulse Energy
50 Hz Repetition Rate *
4 ps Pulse Duration |
5% Wall Plug Efficiency
Isotopic Gas (9.11 pm)
107 Shot Lifetime

- Nonrecycling Operation

* Reducing Rep Rate to 25 Hz May Best Fit Overall Mission
Constraints

2~2
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local oscillator is delivered to the edge of the table for use in the

interferometer, and has no other role in the laser system.

The heart of the system is of course the pulse TE laser. This device
is a large aperture, low pressure self-sustained discharge device, which is
described in Section 3.1l. The TE laser uses an unstable resonator, which
is described in Section 3.5. The TE laser resonator is injected with light
from the 10, forcing single longitudinal mode operatibn. Por injection to
be successful, the injection frequency must agree with a longitudinal mode
frequency of the transmitter resonator. This resonant condition is
enforced by a servo loop on the power oscillator (PO) cavity length. More

detail on this process is given in Section 3.5

The system is operated by an integrated computer control system,

which is interfaced to all relevant external sensors and actuators,and to

the sexrvo loop electronics. Our approach of integrating all functions in a

single unit has led to a number of advantages. Using this approach it is
straightforward to allow computer control of servo loop parameters, which,
in turn, allows easy implementation of automatic locking of the servo
loops. It also allows all time—dependent signals to be derived from a

single clock, so that synchronism of various events is easily ensured.

2.2 PUNCTIONAL FLOW

As a prerequisite to an evaluation of any system as complex as the
SCALE transmitter, division into subunits according to function must be
performed. Figure 2-2 shows the five major transmitter subsystems and how
they interact with one another. Two central boxes, the mechanical and
electrical subsystems, contain the components of the TEA laser. The other
boxes include the gas makeup system, the optical/structural system, the
thermal system and the data handling and control system. The subsystems
themselves as well as the components within the subsystems may then be
isolated and evaluated in terms of suitability for meeting the design

goals.
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2.3 RISK ASSESSMENT

To evaluate risk, an assessment formalism is employed which assigns
numerical factors to the components in three categories: the level of
development to which the item has been carried, the amount of supporting
analysis which is available and the degree to which the component is ‘
critical to the success of the mission. The risk score is the product of
the three values. Table 2-2 illustrates this rating system. Scores may be
used to establish the readiness of individual components. They may also be
summed to determine the overall readiness of the subsystem. This approach
is used for each subsystem to evaluate the potential of the transmitter
system to perform the SCALE mission. The results are tabulated for each of
the subsystems and are used to indicate where resources might be spent on

further development in order to insure success.

The primary output of this study is a determination of transmitter
feasibility for the SCALE mission. This is in turn dependent on the
ability of the transmitter to utilize onboard services of the shuttle. To
simplify this determination the extensive documentation provided for the
EéA Spacelab pallet was used to establish the interface requirements and to
configure the payload in the cargo bay. Results for each laser subsystem
are tabulated in terms of the demands placed on the shuttle resources

including power, weight, volume, heat rejection, and data.
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Section 3

LASER TRANSMITTER SUBSYSTEMS

Table 3.1-1 lists the subsystems of the SCALE transmitter along with
the major components. In the sections which follow, the functins of each
of the subsystems is discussed and an assessment of the radiness of each is

presented.
3.1 LASFR MECHANICAL

The pulsed transmitter is a discharge pumped'transverse discharge
device. The dimensions of the discharge are 4X4X60 cm. These dimensions
were chosen to minimize chirp, and the geometry of the device is quite
different from a 2 J laser not designed for lidar application. The device

is designed to operate at a total pressure of approximately 0.5 atm.

The discharge is preionized by a "corona”" type UV source.
Preionization is required to allow an initial small level of conductivity
to support smooth initiation of the main discharge. Attempts to operate
the discharge without preionization result in nothing but a single
concentrated arc somewhere between the electrodes. This preionizatioh
source is simple, compact, and so far as proven reasonably reliable. The
corona source is a large area insulate conductor located just behind one of
the electrodes, which is made of screen to allow passage of the UV
radiation. UV is generated by the capacitive charging of the insulator

surface across a small gas gap.

The corona bar is pulsed using a passive circuit approach.
Essentially, the corona is driven during the leading edge of the main
discharge pulse while the instantaneous voltage betweeen the screen
electrode and te corona bar is changing quickly. Separate active corona
bar drivers were tried during the development of the laser, and d4id not

give results superior to the simple passive approach.



Table 3.1-1

SCALE LASER TRANSMITTER SUBSYSTEMS AND COMPONENTS

SUBSYSTEM
Laser (Mechanical)

Power Modulator

Thermal

Gas Regeneration

Optical/Structural

Data and Control

COMPONENT

Transverse Fan
Bearing

Fan Motor
Magnetic Coupling
Drive Coupling
Flow Liner
Ground Electrode
HV Electrode
Pressure Shell

DC/DC Converter

Low Voltage PFN

Solid State Switch

High Voltage Transformer
Trigger Assembly '

Freon Pump Package
Experiment Heat Exchanger
Laser Heat Exchanger
Modulator Pump

Modulator Flow Ducting

Blower
Regenerative HX
Catalyst Container
Catalyst Charge
Catalyst Heater
Filter

Optical Table
Cavity Space Frame
Infrared Detectors
Oscillators

Servo Sub—-Bench

TE Laser Resonator
Acoustic Shell

Telemetry Interface
Supervisory Computer
Control Electronics
and Sensors

C-5



The discharge is pulsed by a circuit (the "modulator”, see
Section 3.2) which applies about 30 kV to the electrodes for a period of
500 nsec. The peak discharge current is in excess of 3000 amps. Total
energy deposited in the gas by the pulser is about 40 J.

Gas is flowed through the discharge volume at a rate sufficient to
support 50 Hz operation. This requires a minimum of approximately 2 gas
exchanges per 20 msec. The cylindrical shell of the ‘I'E containment vessel
essentially forms the outer wall of the flow duct as well. The inner wall
consists of the center section, which does double duty as the ground
electrode. A series of vanes connects the ground electrode to the main
flange to provide a low impedance electrical return path while

simultaneously causing minimum perturbation of the gas flow.

The center section of the flow loop is divided into compartments
which form acoustic dampers. The entrance port for the dampers is a
screened slot which runs the full length of the discharge region, and is
located just downstream from the discharge. These dampers function to
rapidly dissipate high frequency pressure fluctuations that result from the

impulsive heating of the gas in the discharge region after each pulse.
3.1.1 WINDVAN and SCALE Laser Heads Compared

The similarities and changes in the laser mechanical features in
going from the WINDVAN Configuration to the upgraded Transmitter can be
seen by comparing the cutaway view of the WV shown in Figure 3.1-1 and the

wire frame view of the SCALE subsystem shown Figure 3.1-2.

The laser head and compact flow loop assembly are almost identical in
each subsystem. This is important in achieving maximum carryover since the
discharge and flow technology incorporated in this component is responsible
for most of the success of the WV design and represents the largest
contribution to the development cost of that device. The most significant
difference in the two are in the containers which house the electrical
components that drive the laser.






LASER HEAD
COMPACT FLOW
LOOP ASSEMBLY

Figure 3.1-2.

SCALE Laser Mechanical Configuration
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‘The WINDVAN power supply and modulator are packaged in separate,
rectangular, approximately equal volume tanks one of which is shown in
Figure 3.1-1. In the SCALE design these components can be housed in a
single cylindrical enclbsure with a volume as indicated in Figure 3.1-2.
The primary mechanical requirements imposed by the mission on the subsystem
are the need to maintain the pressure and vacuum integrity and the need to
withstand the vibration and loads during launch and maneuver. The sealed,
domed end containers in the SCALE design satisfy the former and the
packaging of the power supply and modulator discussed in the below in the

laser electrical section satisfies the latter.
3.1.2 Criticalities, Mechanical Requirements

Table 3.1-2 gives the list of mechanical components shown in relation
to the mission and shuttle design environment. Particular sensitivity of a
component is denoted by a dot in the matrix and calls attention to the need
for a data base and appropriate testing to certify the design approach

selected.
3.1.3 Mechanical Risks

As can be seen from Table 3.1-3, the magnitude of the risk scores for
the components of the mechanical system indicate that there are no serious
issues associated with ﬁardening the system for space. This is because all
of the components have a space rated equivalent or a design data base from

whicﬁ space qualified version can be engineered.

Since the laser mechanical system is composed of an array of parts in.
a relatively high—-Q configuration, a mass model of the system will reveal
resonances in the bandwidth of the launch vibration spectrﬁm. A modal
analysis test to verify these predictions would be expected as part of the

normal qualification process.




Table 3.1-2

CRITICALITY OF EQUIPMENT TO DESIGN ENVIRONMENTS

DESIGN ENVIRONMENTS

SUBSYSTEM:
Laser (Mechanical) &
8| &8 g
a | = £1la >
clg| |8 g 3 ¢
g T 2 3 B gl = &
g AR AHEFINEHE g
5 E k1 Elgl8g] > 2
E 83 2 g o E v
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Transverse Fan ° ° (-] © °
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Drive Shaft
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Magnetic Coupling ° o ° o °
2 FLOW LINER () [ [ o °
3 LASER HEAD (MECH.) -] [} [ o o o ° ° o )
Ground Electrode °©
HV Electrode ° [} ° ° ° o [
Laser Head Flange ° ° olo °
4 PRESSURE SHELL ° ° o |o [
Outer Shell ° -] o |eo )
End Flanges a ° o |o °
5 WINDOW ASSEMBLY
Gas Circulator ° o ° [} °o o o|o ° [
6 HEAT EXCHANGER ] [} ] ° ° ] °
7 CORONA X-RAY ° ° ° ofo| o
PREIONIZER WINDOW
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3.1.4 Mechanical Requirements Summary

A summary of the weights, volumes and power requirement is given for
each of the components in the mechanical system in Table 3.1-4. The weight
of the pressure shell, the heaviest component, includes the weight of the

electrical components and insulating fluid contained within.
3.2 SCALE POWER MODULATOR

The purpose of the SCALE power modulator is to condition raw dc power
and make it useful for operating the laser. Figure 3.2-1 shows the overall
power modulator block diagram. A low voltage dc power bus feeds a dc/dc
converter that charges a low voltage pulse—-forming network (PFN). A
solid-state switch then switches the energy stored on the PPN into the
primary of the high voltage pulse transformer which, in turn, energizes the
laserhead. The executive computer controls the trigger assemblies for

optimum circuit performance and efficiency.
3.2.1 Laser Electrical System

FPigure 3.2-2 illustrates major components in the power modulator
circuit topology and their associated tiining waveforms. The dc/dc
converter initially takes the input power bus voltage (approximately 200 V)
and charges the PFN to 3 kV in about 1 ms. Once this is completed, the
converter is turned off and the solid-state switch is fired, which
introduces a 30 kV pulse across the laserhead. This causes the head
avalanche and breékdown, and the laser gas then supports a 15 kV, 800 A
power pulse for approximately 3 uS. The PFN determines both the pulse
shape and pulse duration of the power pulse.

The solid-state switch identified for the modulator is the

Westinghouse RBDT (Reverse Blocking Diode Thyristor), which has seen
(1)

extensive field service in FAA radar systems. The switching

requirements for SCALE have been matched fairly closely to published radar
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requirements, 80 we see no real risk in incorporating the RBDTs into the
laser system. The high voltage transformer‘technology is well understood
and should pose no special problems.

An efficiency flowchart for the SCALE power modulator is shown in
Figure 3.2-3. Working back from the laserhead, which requires 1750 W of

power at 50 Hz, we have estimated the component efficiencies to be:

COMPONENT EPPICIENCY

High Voltage Transformer 90%
Solid-state Switch 90%
PFN 95%
DC/DC Converter 90%
TOTAL Modulator Efficiency 68%

For a 68 percent efficient modulator, power requirements at the input dc
power bus are 2600 W at 50 Hz, and 750 W must be removed by active

cooling.
3.2.2 Comparison of WINDVAN and SCALE

The SCALE power modulator differs from the existing WINDVAN modulator
in that SCALE will use solid-state switches whereas WINDVAN uses
thyratrons. (Thyratrons are low pressure gas switches that require a
substantial amount of auxiliary heater power.) Table 3.2-1 compares the
two modulators. The principal advantages of SCALE over WINDVAN are overall
system efficiency due to reduced auxiliary power requirements and size and
weight. The proposed dc/dc converter for SCALE is substantially smaller
and lighter than the WINDVAN power supply. We expect the SCALE modulator
to require one-third less power and to be one~third smaller and lighter
than WINDVAN. Figure 3.2-4 shows an overall drawing of the SCALE
laserhead/modulator assembly, and Table 3.2-2 tabulates the power modulator

requirements on the spacecraft.
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POWER MODULATOR COMPARISONS

CATEGORY
Switches
Transformers
Charging Inductors
Power Supply
Trigger Assemblies
PFN
Auxiliary Heater Power

Overall Power Requirements
€ 50 Hz

Volume

Weight (with oil)

Table 3.2-1

NASA CO 2
Solid~State RBDTs

1

DC/DC Converter

2

1.4 m3

1500 1b
m

3-15

WINDVAN

2 Thyratrons
1
1

Standard Lab Supply
2
h
800 W

3.3 kVAa

0.2 m3

2200 1d
m
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Table 3.2-2

POWER MODULATOR SPACECRAFT REQUIREMENTS

Input Power 2500 W at 200 VDC
Output Power (to laserhead) 1750 W
Power Dissipated in Modulafor 750 W
Modulator Volume : 0.3 m3
Modulator Weight 455 kG



3.2.3 Risk Assessment

Even though the SCALE modulator is smaller and more efficient than
WINDVAN, it should offer no more risk than the WINDVAN approach.
Table 3.2-3 gi§es the sensitivity of the power modulator to the design
environment. Table 3.2-4 shows the risk associated with the modulator
components. Table 3.2-5 gives the risk assessment for fhe SCALE
modulator. The solid-state switch in SCALE poses a certain amount of risk
in implementing the system; however, because RBDTS consume 800 W less power
and are less sensitive to vibration and shock damage than are thyratrons
and because thyratrons have not been space-qualified, we have rated the
risk of thyratrons and RBDTs as being the same. Other circuit aspects of

the two modulators are essentially identical.

The power modulator will be subjected to various types of shocks and
vibrations during its mission life. Possible causes of failure are listed
in Table 3.2-5, along with modulator sections that are exposed to these
dangers. The detailed SCALE design must‘address the different operating
environments; however, a major portion of these design problems have been
successfully addressed by WINDVAN, and we feel confident that the upgraded

SCALE modulator design will satisfy all requirements placed on it.

3.3 LASER THERMAL

The laser thermal system must insure that the temperatures of the
laser medium, the laser modulator and the peripheral equipment on the

pallet are maintained within the desired limits.

3-18
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Table 3.2-5
POWER MODULATOR RISK/ASSESSMENT

CATEGORY NASA coz WINDVAN
DC/DC Converter 24 24
PFN 6 6 -
Switches 24 24
High Voltage
Transformer 6 s
Trigger Assemblies _6 _6

36 36

Since risk scores are identical, focus on solid-state modulator approach.
Reasons for this: '

© 0 O ©o

Solid—state approach consumes 800 W less power
Solid-state approach less sensitive to vibrational/shock damage
Packaging will be smaller than for thyratron version

Thyratrons have not been space—qualified
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3.3.1 Thermal Requirements

Table 3.3-1 lists the important temperatures and heat fluxes for the
transmitter. The effect of temperature on the laser output is shown in
Figure 3.3-1. A temperature ten degrees above the maximum coolant inlet
temperature can result in a 15 percent decrease in transmitter efficiency.
To insure that this temperature is minimized the laser head and flow loop

are located nearest to the coolant inlet port in the payload flow loop.
3.3.2 Thermal System

Figure 3.3-2 showns the thermal schematic of a system. The system
consists of three flow loops the primary one being the orbiter cargo bay
loop which addresses the pallet as well as all the other actively cooled
equipment installed in the bay. The Experimental Equipment loop, addresses
the apparatus requiring direct liquid cooling. The interface between the
two is the Payload loop which provides the isolation necessary for safety
and for convenience during preflight testing. The Payload loop also
addresses equipment which is normally part of the ESA pallet including the
igloo and the pallet cold plates. The interface between the Payload loop
and the experiment is through the Experiment heat exchanger. This
component is normally used on the ESA module but may be adapted for use on
the pallet thus permitting the use of a space qualified unit at this
important interface. The other important item that can be directly
utilized from the list of space qualified equipment is the freon pump
package. Two identical units are indicated in Figure 3.3-2. The unit is
shown in detail in Pigure 3.3-3. The capacity of this unit matches well

with the 3150w heat load in the experiment loop.

Equipment for thé thermal system can thus be divided into two major
groups; the first includes that of a general purpose nature that can be
selected from an array of existing space qualified eqnipment and as such
can be expected to meet most or all of the mission requirements without

modification. The second group which includes the experiment specific




Table 3.3-1
TRANSMITTER TEMPERATURS AND HEAT FLUXES

Heat Deposited Flow Loop From Discharge 1650 W
Heat Deposited in Modulator 750 W
Auxiliary Payload Heat Load 750 W

Total 3150 W
Maximum Orbiter Bay Coolant Inlet Temperature 38 °C

3-23
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